Abstract. In 1961 Byers and Yang have discovered a theorem of periodicity of energy levels in units of a flux quantum. In superconductors, the quantum unit is hc/2e. In the semiconductors, the pairing does not occur so that the flux quantum is hc/e. We show that Byers and Yang's flux quantization is applicable to the fractional charge, experimentally observed in the quantum Hall effect. It particularly explains the observation of 1/3 charge. The flux quantization also occurs for spin other than 1/2. We find that for spin 3/2 unusual series of large charges are predicted. The charge becomes very large such as 10e, 14e, etc. For example, for S=3/2, (1/2)g=(1/2)+s=2, i.e., g = 4 so that (5/2)g =10 and due to flux quantization, the effective charge becomes 10e. The flux quantization gives rise to plateaus and energies become independent of magnetic field. Apparently, the problem becomes independent of charge and the plateaus are then quantized in units of h 2 /m, the square of the Planck's constant divided by the mass of the electron.
INTRODUCTION
In 1961, Byers and Yang [1] have developed the theory of flux quantization. In the present paper, we show that flux quantization leads to fractional charge. Large charges also arise from the angular momentum and the flux quantization. The product of the Bohr magneton and that of the magnetic field, subjected to the flux quantization leads to cancellation of the charge. In that case, the quantization occurs in units of h 2 /m, where h is the Planck's constant and m is the mass of the electron. Byers and Yang showed that flux through a superconducting ring is quantized in units of hc/2e and obtained several theorems. (i) The energy levels are periodic in the magnetic flux,  , with a period hc/e. (ii) The energy levels are even functions of  . (iii) The partition function Q of the system is an even periodic function of with period hc/e. (iv) The superconducting state occurs when ln Q as a function of has a maximum. Byers and Yang's flux quantization is the quantization of magnetic field as, B.A = n  o (1) where  o =hc/2e, n is an integer, B is the magnetic field and A is the area. In the case of semiconductors, we need not take the charge of the quasiparticles equal to 2e but it is sufficient to take e as the charge. The Hall effect is the resistivity of a metal in a direction orthogonal to both the applied magnetic as well as the electric field. It is linearly proportional to the magnetic field so that,
where n is the number of electrons per unit area, no/A, e is the charge of the electron and B is the magnetic field. Substitution of (1) into (2) leads to,
Therefore, the Hall resistivity is quantized in a quantum of h/e
When experiments were performed at higher fields than for i=1, additional plateaus appeared in the data, particularly at fractions such as i=1/3, 2/3… etc. In 1986, we found [2, 3] that,
so that for j = l s,
When this value is multiplied by the Bohr magneton, , 2 / mc e B    the effective charge of the quasiparticles becomes, e*= e g  2
1
.
For the positive sign in (6) and s=1/2 the series of charges becomes (l +1)/(2l+1) and for the negative sign for s=1/2, the series is l/(2l+1). For l=0, the charges are 0 and 1. Both of these values are important. For l=1, the predicted charges are 2/3 and 1/3 which are observed in the data [4] . For l=0, the eq. (6) gives,
which gives the spin-charge coupling. For positive s=1/2, the equation (8) gives g + =2 and for negative sign we get g-=0. The g+=2 is the usual expected value but we also find, g-=0, which gives zero energy. First of all, we write the infinite set of energy levels as follows.
We substitute g=g + =2 (for s=1/2) in the expression (9) to obtain the following energies, E= 5 BH, 3  BH,  BH , - BH, -3 BH , -5 BH , …, etc.
(10) and from eq.(8) we get, g=g-=0(s= -1/2) which substituted in (9) gives, E=0.
(11) This zero is very important because it is associated with zero charge. We can eliminate  B H from the above by using, 
so that the positive and the negative energies get interchanged but there is no effect on the full energy level diagram. This is actually related to the invariance of the Hamiltonian with respect to the time reversal. For s=3/2, from eq. (8) 
so that we obtain the series, 2,  6,  10,  14,  18, etc. This series has the interval 4. Not only the interval but the full series is the same as in the experimental data [5] at 9 Tesla. We have obtained the exact series without any approximation and all numbers are individually exact. Hence, the many-body corrections are not the cause of the series. For s=3/2, using the negative sign expression (8) we obtain, (1/2)g-=-1. In this case, the energy levels of g=-2 are the same as that of g=2 due to time reversal invariance. If there are N atoms of spin each equal to ½, the total spin of N particles in N/2. The energy levels of the type (9) will be found. As the magnetic field is varied, different energy levels cross the Fermi level so that there are oscillations but that will not form plateaus. The plateaus are formed due to the Byers and Yang's flux quantization,
where  o=hc/e. We substitute the flux quantization condition in eq.(9) so that the magnetic field completely disappears,
25) Not only that there are factors like, 5/2, 3/2, 1/2, -1/2, -3/2, -5/2, …, , there is a factor of n also which has come from the flux quantization. We substitute the flux quantization in the series (15) so that we find, 
where g is given by (6) . For g=2, the above expression in not changed but for other values it is seriously affected. For the charge of 1/3, the flux quantum is 3hc/e, etc.
CONCLUSIONS
We have seen that Byers and Yang's theory of flux quantization is useful for the understanding of flux quantization in superconductors. In particular the theorem on "flux quantized eigen values" also agrees with the experimental data [6] . In the semiconductors, we use e for the charge instead of 2e. The quantum Hall effect is predicted correctly. The fractional charges such as 1/3, 2/3… etc is generated by inventing the "spin-charge coupling". Large charges such as 4e, 6e, 10e, etc are also correctly obtained. The flux quantum for fractional charges depends on spin as given by (3) .
